ABSTRACT. Acanthocephalan everted cystacanths were detected in the intestines of 61 out of 555 feral raccoons (Procyon lotor) trapped between May 2003 and April 2005 in the western region of mainland Japan (Honshu). All collected specimens were identified as the species of birds including 3 Centrorhynchus species (C. bazaleticus, C. elongatus, and C. teres), Sphaerirostris lanceoides, Plagiorhynchus ogatai, Porrorchis oti, and Southwelina hispida. Three species, C. bazaleticus, C. teres, and S. lanceoides, were new to distribution records in Japan and the Far East. Recovery rates of these acanthocephalans were higher from the raccoons trapped in spring and early summer (range 8.3-36.8%, average 21.5%) than during the remainder of the year (range 0-20.0%, average 6.3%). The reason for this seasonal change is unknown. There is little information on the acanthocephalan fauna of wild birds in Japan, however, recovery of the cystacanths from the feral raccoons captured through the year might provide useful information on the fauna and geographical distribution of avian acanthocephalans.
Juvenile acanthocephalans of birds are sometimes found in the intestine of wild carnivores [12] . Such parasites have been found from stray dogs, raccoon dogs (Nyctereutes procyonoides viverrinus) and martens (Martes melampus melanpus) in Japan [9, 10, 16, 25] , while in North America, such acanthocephalans as Centrorhynchus conspectus (Syn. C. wardae), Oligacanthorhynchus tortuosa, Plagiorhynchus (Prostorhynchus) cylindraceus (Syn. Prostorhynchus cylindraceus), and Polymorphus botulus (Syn. Profilicollis botulus) have been identified from raccoons (Procyon lotor) [1, 2, 4, 14, 15, 20, 24] .
During our recent parasitological survey of feral raccoons in the western region of mainland Japan (Honshu), everted cystacanths with various forms of proboscis were often found in their intestines. They were classified into seven species, three of which have never been recorded from any host animals in Japan. In the present study, we examined the recovery rates of these acanthocephalan species as well as their remarkable seasonal changes in prevalence.
MATERIALS AND METHODS
Feral raccoons were collected between May 2003 and April 2005 in Wakayama, Nara, and Osaka prefectures in independent control projects on exotic mammals by each municipality [17] (Table 1) . Animal trappings were made through the year using metal cage-traps by licensed residents. Captured animals were euthanized using a humanitarian method, then labeled with the date and locality of the trapping. Euthanized animals were individually stored at -20°C until zoological examinations. After thaw, each animal was examined on the sex, age class and zoological measurements. The entire intestinal region posterior to the stomach was removed from the carcass, refrozen, and sent to the laboratory. In the laboratory, the intestine was cut open longitudinally, and scratched carefully by glove-worn hands. The contents were repeatedly washed in tap water, and the sediments were checked thoroughly for cystacanths under a dissection microscope. Collected parasites were preserved in 70% (v/v) ethanol, and cleared by the addition of glycerin for microscopic examination. Line drawings were made using a camera lucida. All measurements are expressed as range (mean) in millimeters.
RESULTS
Everted cystacanths of 7 species (Fig. 1) Van Cleave, 1925 . Although the most hosts had only a single species, 4 and 3 raccoons simultaneously carried 2 and 3 species, respectively. However, there was no apparent favored combination between species. Some of the major characteristics of the collected cystacanths are summarized in Table 3 . Three of the collected species, C. vazalenticus, C. teres, and S. lanceoides, are new to the geographical records in Japan.
From the raccoons examined, we also collected multiple species of trematodes and nematodes, and the details will be reported in a separate work.
DISCUSSION
Species identification was mainly made in accordance with the systematic works by Petrochenko [13] , Yamaguti [28] , and Amin [1] . Although limited morphological characteristics of the cystacanth stage were available, the shape of proboscis, the number, arrangement and shape of hooks on the proboscis, the relative length of lemnisci to the proboscis sac, the location of testes, and the features of the trunk ( Fig. 1 and Table 3 ) enabled us to differentiate them into 7 known species described from birds in Japan, Russia, Central Asia, or Europe [1-3, 6-8, 13, 18, 20-23, 26-28] . It seems to be interesting that the recovery rates of acanthocephalan cystacanths from the raccoons showed an apparent seasonal change. The prevalence of cystacanths in the female and male raccoons also differed remarkably (5.7% vs.15.1%). The higher parasite recovery rates from the males in comparison to the females were also observed on the other helminth species from the raccoons examined (data not shown). This may attribute to the ecological or nutritional character. * Name of municipality where raccoons were caught. Abbreviations in parentheses are used in Table 3 . All specimens except G were male, and the testes are indicated by the letter T. The same magnification was applied to all photographs.
Acanthocephalans have complex life cycles attended with intermediate hosts (arthropods) and paratenic hosts (amphibians, reptiles and mammals) [12, 19] . Complete life cycles of these parasites have been cleared on a limited number of species, and the intermediate hosts of avian acanthocephalan species have been scarcely identified [19] . Since all the acanthocephalans recovered from the raccoons were juvenile, postcyclic parasitism by ingesting adults within their definitive hosts [12] is unlikely to account for the high prevalence of avian acanthocephalans in this carnivore. The recovery rates of cystacanths from the feral raccoons showed a clear seasonal change with a higher prevalence in spring and early summer than that in autumn and winter. A similar seasonal change in prevalence has been noted in many acanthocephalans recovered from fish [12] . It is thought that a common cycle of acanthocephalans consists of spring recruitment by vertebrates during the warm weather when potential vertebrate and invertebrate hosts are active, summer transmission between vertebrates and invertebrates, slow development in invertebrates during winter, and the completion of larval development during warm spring climate [12] . It is uncertain whether the seasonal change in prevalence observed in the avian acanthocephalans from the raccoons is also present in their natural definitive hosts or not.
In the case of the raccoons examined, the infection might be acquired through the ingestion of paratenic hosts such as frogs, lizards, snakes, shrews [5, 11, 12] , and fishes (e.g., for S. hispida [12] ), rather than through the ingestion of arthropod intermediate hosts. This assumption may account for the high recovery of multiple species at once, even though the period of infection is short. If so, it seems more likely that the incidental recovery from raccoons continues in late summer and autumn. We speculate that feral raccoons may acquire the infection through the ingestion of paratenic hosts, that winter with cystacanths, in the spring and early summer when plant foods are scarce. However, in late summer and autumn, they can use abundant plant foods including agricultural products, rather than animal resources.
Alternatively, raccoons might acquire the infection through the ingestion of paratenic hosts with short lifespan, e.g. one year. Accordingly, the infection in the raccoons might be higher in spring and early summer when the older generation of such paratenic hosts was still alive. Then, the (1) 1 (1) 31 (6) 15 (2) 3 (1) 8 (3) 12 ( * Locality where host raccoons were trapped is indicated by abbrebiation used in Table 1 . ** Number of hosts with multiple acanthocephalan spp. in parentheses. *** Range, followed by average in parentheses. **** Measurements were made regardless of parasite sex, because there existed no essential differences at this stage. possibility of infection in raccoons would decrease along with the emergence of a new or uninfected generation in late summer and autumn. Year-round examination for food items may support our speculation. If the seasonal preference of feral raccoons for foods is the cause for the seasonal change in prevalence of avian acanthocephalans in this aberrant host, the natural bird hosts may have a different type of seasonal parasite prevalence. The expansion of the distribution of feral raccoon populations in Japan is remarkable; this exotic carnivore has been observed in 40 of 47 prefectures in this country. However, the apparent nuisances, including agricultural losses and housebreaking, by this animal have led to the introduction of year-round population control in many areas in Japan. Parasitological surveys on culled animals will provide an alternative opportunity to collect information on the fauna and geographical distribution of avian acanthocephalans, which has remained to be studied.
